Abstract-Location and tracking services and technologies are becoming fundamental components for supporting healthcare solutions. They facilitate patients' tracking and monitoring processes and also allow for better and long-term daily activity recognition. Various location and tracking services have been developed, over the last years, to provide real time localization for different applications. However, most of these services are not designed particularly to comply with all the requirements of Ambient Assisted Living (AAL) and, as a result, they reduce the viability of adopting AAL services as an alternative for continuous healthcare services. In this paper we set out the general requirements for location and tracking services for AAL.
I.
I NTRODUCTION
The demographic change we are witnessing in all over the world, especially in Europe, indicate that most of the industrial and developed countries are facing a great challenge of having more aging population. Projections indicate 30% of the population in Europe alone will be over 65 in 2060 [1] , while in Japan, the percentage is even higher: it will increase to 40% in 2055 [2] . This continued growth, indeed will have a great economical impact and will increase the need for more care services for senior citizens, especially for those who are living alone and having chronic illnesses or impairment diseases. In this paper, we discuss the requirements for AAL location and tracking services. We cover a set of requirements extracted from a typical scenario of AAL system. We then present some of the possible assessment metrics that could be used to evaluate the existing localization techniques. Then, we apply those metrics to two of the existing techniques to assess to which level they fulfil the identified requirements. In this paper we are contributing to the definition of a generic evaluation framework for AAL location services. This framework is to be used not only for evaluation but, mostly, for providing guidelines for technological developments and system design.
The reminder of this paper is organized as follows. Section II presents the requirements for location and tracking for AAL.
Section III discusses briefly the evaluation metrics and shows how these metrics could be used for assessment purposes.
Section IV includes a comparison study of two of the existing location techniques. Section V concludes the paper and identifies some possible future research directions.
II. R EQUIRE MENTS
In this section we discuss the requirements for AAL A.
Scenario
We assume that there is a group of elderly people who are suffering from chronic illnesses or impairments diseases. connectivity between the components of the system, the data processing layer, and the alarm layer which represents the application layer. Based on the system' s architecture, these three layers collaborate to aggregate raw data from sensors, process these data, and extract contextual features to be delivered to the alarm layer as location information, movement history, and anomaly detection patterns. Moreover, a utility behavioural model is used for patterns extraction and a tuning process to continuously update this model.
Considering the previously described scenario, the following are some of the possible observed requirements for location and tracking services for AAL. The requirements are grouped into five categories: Functional, Non-Functional, Interface, Performance, and Product requirements.
B.
Functional Requirements
This category includes all requirements that capture the intended behaviour of the service. This can be expressed as all tasks and functions the service is required to perform:
• Person Location: The service should be able to locate and track a person in an indoor environment.
• Person Identifier: Unique identifier for the tracked person is required to differentiate users in case multiple users are tracked simultaneously.
• Remote Transmission: The service should support the transmission of the location data to a remote server.
• Output Format: The service should be capable of converting the raw location data into human-interpreted format (e.g. Kitchen, bedroom, parking, etc.). Absolute or any other type of location output format will not be relevant.
• Presence/Absence detection: Whenever an absence of a user is detected or a user is out of the pre-defmed perimeter, the service should have the ability to notify the remote operator indicating the event.
• No Movement detection: No movement for a time longer than a certain threshold value is considered an indicator of having a health problem (e.g. sudden falls), and thus the service should be able to indicate this event as well.
• Safety: The service should help to increase the safety feelings of the tracked persons. For instance, reducing the fear feeling of getting lost or wondering whenever a person goes outside the house for a walk or a visit. This can be achieved by providing on-demand calls for help (e.g. tags with on-demand call buttons).
C. Non-Functional Requirements
This category includes the non-functional requirements of the service. It specifies the criteria that can be used to judge the operation of the service.
• Coverage Scope: The required localization coverage of the service is inside and outside houses. All areas inside the house are required while only the areas that are nearby the house are required (e.g. locate a person at the garden or neighbors' houses).
• Resilience to power outage: Power outage occurrences might be quite common especially in houses or residential environments and therefore, the service should take this important requirement into account.
• Communication media:
The communication link between the house' s gateway and the remote server has to be fast and at reasonable cost. The communication requirements shall be as specified in ISO/IEEE 11073 family of standards. This standard provides a normative defmition for controlling information exchange to and from personal health care devices and computer engines (e.g. cell phones and personal computers).
• Privacy: Privacy is extremely needed to ensure anonymity of the user. Simple sensors should be used;
avoiding the use of camera sensors. This requirement aligns with the need for developing cheapest location serVice.
D. Interface Requirements
This category covers all requirements related to the service' s user interfaces and the monitoring software used for tracking:
• User interface: The service should have a user-friendly interface. Devices used for location detection should not impede the normal activities of the tracked patients.
For instance, in case the solution uses tags, tags should be simple, intuitive, lightweight, easy to wear, and acceptable by patients. Moreover, no wire cables should be used.
• Software interface: The location monitoring software must be able to display locations and identifications of the tracked persons in a visualized view, easy to understand and interpret (e.g. house map).
• Location Data granularity: The location software must be able to display general-to-specific location information, users should be able to identify, group, categorize, and customize patients' details as desired.
E.
Performance requirements
This category includes all requirements related to the performance of the service:
• Responsiveness: The service should provide location data in real time basis avoiding delays in critical circumstances.
• Resolution: The estimated location measurements of the service is expected to give at least room-level location resolution for indoor activities and relative location information (e.g. nearby the garden) for outdoors.
• Accuracy: The accuracy requirement is typically related to the quality of the location information. It refers to the quantifiable error distance between the estimated location and the actual location. The service should be able to give high percentage of correct location estimates.
• Interference Avoidance: The service' s devices should not be vulnerable to interference from other devices worn by the patient or other house' s devices (e.g. electric and electronic devices).
• Automatic Fault Detection: The ability to avoid false location detection is required as the service will be used for healthcare applications. The service should be able to automatically detect anomalies in the location data.
• Update Interval: The update interval of the location data should be adjustable to short intervals (e.g. seconds), so that reducing the presence of uncertainty in location sample data.
• Reliability: The location service should maintain its routine functions even in abnormal situations (e.g. power outage); the location service should be reliable, in order to guarantee there is no loss of information.
• Availability: The service should be active and available 24 hours per day; the service should be operate inside/outside buildings no matter the structure state and environmental conditions.
• Scalability: The service should be able to scale well in terms of the number of located patients or the number of tags that can be tracked simultaneously in case the system is based on tags.
F.
Product Requirements
This category includes all requirements related to the deliverable version of the service:
• Cost: Cost-effective service is an important factor for the success and the widely adoption of the service. The cost includes installation, deployment, infrastructure, communication, and maintenance costs.
• Maintainability: The maintenance tasks such as upgrading software, maintaining hardware or expanding the application should not need much more cost and time. When configuring the system, the performed update should not interrupt other parts of the systems.
The configuration of the system (softwarelhardware)
should be easy, simple and quick.
• Deployment: The impact on the existing infrastructure (avoiding interference with the existing technologies); environmental considerations (considering the physical layout of the area, amount of metals, etc.); co-existence with existing technologies all these issues should be considered when deploying the service.
• Installation: Installation efforts (cabling installation, sensors installation, power needs, and sensor calibration)
should be minimized. The interior design of the deployment environments should not be significantly affected by the installation processes.
• Service Performance: The service should provide means for tracking and measuring its performance, e.g.
all notification alarms must be delivered in reasonable time; determined by the level of emergency and according to specific normative documents.
• Integration: The service should have the ability to easily exchange information and integrate with other systems.
• Standardization: The service should be based on industry standards.
• Auto-Functioning: The service should have the ability to be self-initializing, self-calibrating, and self diagnostic to ensure reliability. The service should be automatically activated or deactivated.
• Power efficiency: The service should be able to function even with scarce power resources. Moreover, in case the service uses batteries (e.g. tags or wearab le sensors), battery replacements should not be very frequent so that batteries should last for as long as possible.
• Usability: The service should just work requiring minimal-to-no training for operation.
• Eco-friendliness: Levels of hazardous or non-hazardous waste caused by the service (for example, pollution caused by the batteries of the tags) should be minimized.
• Security: The service should provide information security during data transfer to prevent unauthorized use of location information.
III. METRICS
In Ekahau [8] and Microsoft RADAR [9] are some of the location systems based on WiFi Fingerprinting.
B.
Ultrasound-based In this paper, we discussed the requirements for AAL location and tracking services. We presented a set of metrics to be used in evaluating the potential location services for AAL.
The identified requirements and metrics are based on a typical scenario for AAL system. Some of the selected metrics are based on evaluation benchmarking provided by the EvAAL initiative [13] . Two of the existing location techniques have been evaluated through the use of the proposed metrics. The results showed that most of the requirements are not fully considered by these techniques and, therefore they are not quite adequate for AAL. Further research is needed to bridge the gap between the current solutions and the real location and tracking requirements for AAL.
One possible research direction is the use of behavioural models that represent the typical activity behaviour of the assisted persons. These models could be used significantly to provide real time information about the deviation from the usual behaviour for each person and then avoiding emergency situations in advance. Many reasoning and inferring techniques can be used to support the applicability of using location patterns in behavioural modeling. However, issues like how to infer behaviours from location raw data, how to form activity logic specifications (i.e. context attributes of an activity), and how to deal with noisy and insufficient location datasets are considered great challenges facing the inclusion of such facility.
In this paper, we are contributing to the defmition of a generic evaluation framework. The framework is to be used as reference for potential AAL location services. The framework is not only for evaluation purposes but, also for providing guidelines for technological developments and system design.
Additional evaluation and comparison studies are required to completely defme all the requirements.
